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Abstract 


The impact of an extensive cutting operation in the early 1600's, 
carried out for timber and charcoal production to supply a lead and 
silver-ore smelter in the Sädvajaur valley, N. Sweden, has been 
studied. The coniferous timberline in the valley was greatly af- 
fected. Scots pine has not been able to recolonize all of its pre- 
vious sites. The regeneration pattern during the last 300 years has 
been studied in detail by dating root-neck wood samples of more 
than 1,700 pines. A very pronounced periodicity occurs in the es- 
tablishment of Scots pine on the previously clear-cut areas. Scots 
pine has only been able to colonize during the most favourable 
climatic periods. Norway spruce does not show the same periodic 
pattern in regeneration over time. Seed quality of Scots pine and 
Norway spruce has been studied. During the prevailing climatic 
conditions seed quality was extremely poor and natural regneration 
by seeds appeared to fail. The implications for high altitude 
forestry are briefly discussed. 


Studied area 

Lake Sádvajaur is situated at the uppermost part of the Skellefte- 
älven river valley within the Caledonian mountain range. The Arctic 
Circle just crosses the western part of the lake. 

The bedrock within the Sädvajaur area is mostly dominated by mica 
schists (SGU 1958) with interbedded layers of limestone frequently 
found at the western end of the lake. 

The quaternary deposits are dominated by moraine. Most of the 
moraine formations are of the dead ice type, sometimes with more or 
less well-formed transverse moraine ridges. Palsa formations occur 
à mere 5 km west of the lake (Ulfstedt 1977). This type of perma- 
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frost phenomenon indicates a harsh climate (Lundqvist 1962). Cer- 
tain types of patterned ground formed by cryoturbation, such as 
stonepits, earth hummocks and stone rings are also found in the 
Sädvajaur valley. 

At the western margin of the lake, the forest is dominated by 
birch (Betula pubescens). This part of the valley falls within the 
subalpine birch belt. Only some scattered stands of Scots pine 
(Pinus sylvestris) are found here today. More pines are found 
around the middle and eastern margins of the lake, sometimes form- 
ing coninuous stands. A few small stands of Norway spruce (Picea 
abies) are found on the eastern shore of the lake (cf. Enquist 
1933). The forest ground vegetation is mostly of Empetrum herma- 
phroditum - Vaccinium myrtillus-type. In the western part, with 
more calcareous soils, some herb-rich birch forest types occur. 
This part of the valley has, in general, a very rich flora (see 
Lundqvist & Wistrand 1976, Nilsson & Grelson, 1983). 

Around 1636, a smelter and ore refinery väver built on the south- 
ern shore of Lake Sädvajaur at the outlet of the small tributary 
river Silbojokk. The mining of lead- and silver-ore was carried out 
on Nasafjäll mountain, further west and closer to the Norwegian 
border. Before that mining period no traces of permanent settlement 
in this region have been found. The mining operations stopped in 
1659, when a Danish-Norwegian army burned down the smelter and the 
village at Silbojokk (Bromé 1923). After this, no permanent settle- 
ment was established until the end of the l9th-century, when a few 
small farmsteads were founded. Today, active farming is no longer 
carried out in this part of the valley. 

Lake Sádvajaur has previously, in the 1940's, been dammed for 
hydro-electric power production. In 1985 a new dam will be com- 
pleted and the water-level will be raised by ten metres. In connec- 
tion with the cutting and clearing operations for this new dam, a 
study of the age structure and the regeneration pattern of pine and 
spruce has been carried out. 


Cutting-operations in connection with the mining and smelter 
industry 


When the mining industry started ín 1636, coniferous forest, domi- 
nated by Scots pine, was found all around the lake, even at the 
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most western shore where pine is absent today. The cutting opera- 
tions that took place between 1636 and 1659 are mentioned in the 
historical records kept from that period (see Bromé 1924, Awebro 
1984). Some of the cutting was carried out for building purposes. A 
village with a church was set up in connection with the smelter at 
Silbojokk, and a maximum of about 200 hundred people lived there 
(Bromé 1923). However, most of the cutting was carried out for 
charcoal production. Pine wood was also cut for "tillmakning" 
(breaking rock by burning piled wood) and heating purposes. Accord- 
ing to Bromé (1923) up to 20 workers were, in some years, employed 
cutting timber and producing charcoal. For some individual years of 
the historical records there are figures indicating the amount of 
wood and charcoal produced. All these figures show that cutting and 
charcoal burning were extensive. At the end of the Silbojokk epoch, 
there are also complaints about the shortage of wood, caused by the 
extensive cutting (Bromé 1923). The over-cutting (sustained yield 
is never mentioned from that period) around the lake became appar- 
ent when the smelter and the village at Silbojokk was burnt down in 
1659. From different sources, including field observations, a 
clear-cut of at least 4000-5000 ha had occurred in the valley 
around the lake up to the time when the industrial activities 
ceased in 1659. 


Traces of cutting and charcoal production during the Silbojokk 
epoch 

Pine stumps are found all around the lake from the cutting opera- 
tions in the 17th-century. The pine stumps are sometimes so well 
preserved that the cutting technique by axe can be identified 
(Zackrisson 1980). Lappish bark-stripping (see Zackrisson 1979) 
have also been identified in the wood from the stumps. A strip 
survey of stumps with traces of the old cutting technique used 
during the Silbojokk epoch, covering 37 transversal sections of the 
valley, indicates that about 4 stumps per ha can still be found at 
lower altitudes in the valley. In some cases it is possible to date 
the cutting by dendrochronological techniques based on local chro- 
nologies. The stumps of pine are rather well-preserved on dry 
sites. In wetter sites they are nearly all decomposed. The cause of 
the relatively slow break-down of wood is the cold, dry climate 
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found in this region. Scots pine stumps which remain after cutting 
during the Silbojokk epoch are today also found in the western part 
of the valley, where today pine is totally absent. 

On several sites around the lake charcoal production sites (char- 
coal hearths) have been found. They are normally found in flat 
areas rather close to the lake. In most cases no difference between 
field and bottom layer vegetation could be found on the charcoal 
hearths compared to the surroundings. More than 300 years of vege- 
tation succession have eliminated the vegetational differences 
initiated by the previous charcoal burning. In some cases it 
appears that aspen (Populus tremula) has been favoured by the pre- 
vious disturbances, especially where the upper soil profile has 
been disturbed by charcoal burníng. 

The dimensions of the charcoal hearths are surprisingly large, 
some of them have a diametre of almost 30 metres. Their round form 
indicates that a type of "resmila" (The charcoal was made by stack- 
ing the pine timber closely to form a regular domed mound.) was 
used. 

In connection with the farming activities at Ballasviken on the 
northern shore of the lake, some buried trackways were found at the 
beginning of this century when the peatlands were cultivated. Their 
locations in the uppermost peat-stratigraphy indicate that they 
probably date back to the Silbojokk epoch. These trackways were 
built over wet mires, probably for transportation of wood, char- 
coal, and other supplies for the mining industry. 


Biological effects of the industrial activities in the 17th- 
century 

The activities of timber-cutting, charcoal-burning, roadbuilding, 
hay-production for cattle and horses and some temporary barley 
production in this formerly virgin mountain valley, probably gave 
some of the apophytic species, such as Urtica dioica, Anthriscus 
silvestris, Phleum commutatum, Poa alpina, Carex macloviana, Astra- 
galus alpius, and Gentiania nivalis, their first chance to really 
expand their populations in this valley. All the movement of food, 
hay, cereals and other materials from the coastal area of Bothnian 


Bay, probably also introduced several new species to this area. 
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The occurrence of the weeds Chenopodium album, Rumex longifolius, 
Polygonum aviculare, Trifolium repens, and Achillea millefolium at 
this old industrial site at Silbojokk could be a remnant of a sy- 
nantropnic flora introduced during the Silbojokk epoch. Some of 
them, like Trifolium repens and Achillea millefolium, have subse- 
quently spread as neophytes into the native vegetation. The unusu- 
ally high proportion of aspen in this valley could also, as men- 
tioned above, result from the previous disturbances that took place 
during this period. Aspen can hardly colonize with its microbiotic 
seeds without disturbances which create bare mineral soils. These 
types of disturbances were probably frequently created by charcoal- 
burning and other activities. 

The most spectacular effect of the industrial period at Sädvajaur 
is the reduction in the distribution of Scots pine in the valley. 
All historical records give a clear indication that cutting during 
the 17th-century had largely eliminated pine and spruce in the 
valley around Lake Sädvajaur. Dating of the recolonizing pine and 
spruce found in this valley (see Figs. 2 and 3) indicates that only 
the youngest trees were left when the cutting took place. All the 
bigger trees had been cut out. The cutting changed the boundary 
between the subalpine birch belt and the coniferous forest in this 
valley. Scots pine has not been able to recolonize the western part 
of the valley where it occurred at the time when the smelter was 
built. On those few sites where pine has been able to colonize, the 
establishment has been slow and pine has not been able to form 
stands of the density that existed in the early 1600's. Successful 
pine regeneration has only occurred during certain periods of time 
(see Fig. 2). During the 300 years that have passed since the in- 
dustrial activities ceased, only four successful regeneration 
periods can be recognized. The regeneration of spruce (see Fig. 3) 
has not followed the same pattern. Spruce has regenerated more or 
less continuously since cutting in the 17th-century. However, a 
peak in ‘he effective regeneration can be seen at the beginning of 
this century, as well as a sudden drop in regeneration during the 
last 20 years. The periodicity in pine regeneration seems to corre- 
late well with the general climatic changes taking place during the 
last 300 years. At the time when the industrial activity occurred, 
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the climate all over the northern hemisphere was very severe (Lamb 
1984). Famine years were numerous all over Sweden (Westin 1944, 
Utterstrém 1957) and some are described in the historical records 
from the Silbojokk epoch (Bromé 1925). The cutting at Sädvajaur was 
carried out during one of the most severe periods of the Little Ice 
Age (cf. Lamb 1975). There are reasons to believe that the climatic 
deterioration during the Little Ice Age (1550-1850 A.D.) was a 
great hindrance to the recolonization of pine in the Sädvajaur 
valley. However, before the first meteorological stations were set 
up in N. Sweden in the late 1800's, the climatic situation is hard 
to reconstruct in detail with historical records alone. No dendro- 
climatological studies have been carried out in this region, which 
could give detailed information about climatic change. The peaks in 
pine regeneration appear to fit very well with the variation in 
high summer temperatures measured at meteorological stations in N. 
Sweden during the latter part of the period studied (see Fig. 4). 
The warm summers of the 1870's and during 1930-50's seem to have 
resulted in good regeneration of pine at Sädvajaur. The fact that 
the 1930-1940's gave rise to successful regeneration of pine and 
birch at high altitudes above the timberline is well documented in 
N. Europe (Hustich 1958, Miller and Cummins 1982, Kullman 1979, 
1985), and also for several coniferous species in N. America 
(Franklin et al. 1971, Agee and Smith 1984, Heikkinen 1984, Morin 
and Payette 1984). This study, and some unpublished results from 
Similar sites close to the timberline, indicates that the 1870's 
also seems to have been a generally favourable period for pine 
regeneration in N. Sweden. However, we have to keep in mind that 
the periods without effective regeneration can also be caused by 
factors other than low summer temperatures. Many other factors have 
an influence on the outcome of natural seed regeneration. Pathogens 
like snow blight (Phacidium infestans) and pine canker (Lachnellula 
pini) can cause a high mortality among seedlings in these high 
altitude areas, as can predation by rodents and insects. The snow 
conditions during the winter season are also very important factors 
in the survial of pine and spruce seedlings (see Holm & Kullman 
1983). Seed production, seed quality, and seed germination are very 
dependent on summer temperature (Sirén 1961). Good regeneration 
periods found by Sirén (op. cit.) also seem to indicate longer 
periods of warm summers. 
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An interesting phenomemnon seen in Figs. 2 and 3, is the drasti- 
cally reduced regeneration since the end of the 1950's. Under pre- 
sent conditions, barely any successful regeneration is taking 
place. Studies published from other parts of the Northern hemi- 
sphere indicate that this is a more or less ubiquitous phenomenon 
in northern latitudes (cf. Kullman 1985). 

To test the quality of the seeds produced by pine and spruce 
found in the Sádvajaur valley, sampling and seed quality tests were 
carried out in early spring 1984. The seed quality test was carried 
out by X-raying the seeds. Despite the fact that 1984 was an 
extremely good cone year for spruce all over Sweden, not a single 
seed, of all the 12 000 seeds tested from 40 different trees, was 
viable. The cone production of pine in 1984 can be classified as 
normal in N. Sweden. The seed quality was, however, very poor from 
the Sádvajaur valley. Only about one permille, of the 40,000 seeds 
from 160 different pines tested, had a theoretical chance of 
germination. All seeds were classified according to the embryo and 
endosperm development classes described by Simak (1980). The 
inviable, poorly developed seeds all belonged to the classes IIP, 
IB, and IIB. The results of seed-testing indicate that the seed 
produced during the present climatic conditions of both spruce and 
pine is of an extremely low quality. Natural regeneration by seeds 
is hazardous in these areas close to the timberline. What we can 
learn from the regeneration pattern found after the extensive 
cutting operation that took place during the 17th-century, is that 
pulses in climatic variation to a great extent seem to control the 
pattern of succession found in the tree layer. The periodicity in 
natural regeneration found in figure 2 indicates that we probably 
can not expect successful pine regeneration more than once in a 
one hundred year period during the present postglacial climatic 
regime. The climatic hazard is something we still have to face when 
we carry out regeneration programs in these marginal sites, regard- 
less of seed provenance (cf. Bäckström 1984). Today, Sweden is 
probably one of the countries in the northern hemisphere that is 
clear-cutting closest to the timberline. This gives us large areas 
which are very sensitive to the climatic hazard. We must act upon 
our knowledge and carefully consider whether this is a wise stra- 
tegy in our long-term forestry program. 
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Figure 1. The location of the study area. 


Figure 2. The age structure of Scots pine at the previously cut 
areas at lake Sádvajaur. The actual year of seedling establishment 
has been dated by counting tree rings in cross-sections taken at 
the root-neck level of 1,728 pines. The problems of partially mis- 
sing rings and false tree-ring formations have been approached by 
high magnitude observations of the whole cross-section and multiple 
counts at different sectors (see Zackrisson 1980). In the total 
sampling of the areas investigated also small seedlings were in- 
cluded ín the samples studied, and especial attention was given to 
small seedlings by sub-sampling. Successful regeneration of pine 
shows a pronounced periodicity greatly influenced by climatic 
pulses of high summer temperatures found during the last 300 years 
(see text). The virgin, multilayered and uneven aged stands of 
Scots pine found in the western Caledonian mountain valleys of N. 
Sweden, have an age-structure probably formed to a large extent 

by the climatic hazard typical for the region. A naturally high 
mortality of the existing tree layer gives the same age-structure 
for other stands as at this one described from Sädvajaur. 


Figure 3. The age structure of Norway spruce in an isolated stand 
on the south side of lake Sádvajaur. During sampling, (principles 
outlined in Fig. 2) seed establishment and layering were differen- 
tiated. The upper diagram shows the trees established by seeds (n = 
161). The lower diagram includes both layering and seed establish- 
ment (n = 352). 


Figure 4. Mean air temperatures for July during successive ten year 
periods (1860-1983). Stensele meteorological station (330 m.a.s.1., 
65941*). After Odin (1984). 


